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TWDB Bathymetric Data Collection 
 

Bathymetric data collection for Navarro Mills Lake occurred on March 26-27, 2008 

and April 3-8, 2008, while the water surface elevation ranged between 427.65 and 425.17 

feet above mean sea level (NGVD29).  The conservation pool elevation of Navarro Mills 

Lake is 424.5 feet above mean sea level (NGVD29).  For data collection, TWDB used a 

Specialty Devices, Inc., multi-frequency sub-bottom profiling depth sounder integrated with 

Differential Global Positioning System (DGPS) equipment. Data collection occurred while 

navigating along pre-planned range lines oriented perpendicular to the assumed location of 

the original river channels and spaced approximately 500 feet apart.  The depth sounder 

was calibrated daily using a velocity profiler to measure the speed of sound in the water 

column and a weighted tape or stadia rod for depth reading verification.  During the survey, 

team members collected over 52,900 data points over cross-sections totaling nearly 87.5 

miles in length.  Figure 2 shows where data points were collected during the TWDB 2008 

survey.   

 
Figure 2 - Data points collected during TWDB 2008 Survey 
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Data Processing 
 

Model Boundaries  
 

The reservoir boundary was digitized from aerial photographs, or digital ortho 

quarter-quadrangle images (DOQQs)4,5, using Environmental Systems Research 

Institute’s (ESRI) ArcGIS 9.1 software. The quarter quadrangles that cover Navarro Mills 

Lake are Dawson NW, Dawson NE, Dawson SW, Dawson SE, Irene NW, Irene NE, Irene 

SW, and Irene SE.  Each quarter-quadrangle image was photographed on September 8, 

2004.  The water surface elevation for this day averaged 424.18 feet.  As these 

photographs have a 1-meter resolution; the physical lake boundaries may be within ± 1 

meter of the location derived from the manual delineation.  Therefore, the boundary was 

digitized at the land water interface visible in the photos and labeled 424.5 feet, or 

conservation pool elevation to allow the area-capacity tables to be calculated to 

conservation pool elevation.   

 

Triangulated Irregular Network (TIN) Model 
 

Upon completion of the bathymetric data collection, the raw data files collected by 

TWDB were edited using HydroEdit and DepthPic to remove any data anomalies.  

HydroEdit is used to automate the editing of the 200 kHz frequency and determine the 

current bathymetric surface.  DepthPic is used to display, interpret, and edit the multi-

frequency data, to correct any edits HydroEdit has flagged, and to manually interpret the 

pre-impoundment surface.  The water surface elevations at the times of each sounding are 

used to convert sounding depths to corresponding bathymetric elevations.  For processing 

outside of DepthPic, the sounding coordinates (X,Y,Z) are exported as a MASS points 

file.  TWDB also created a MASS points file of interpolated data located in-between 

surveyed cross sections. This point file is described in the section entitled “Self-Similar 

Interpolation.”  To represent reservoir bathymetry in shallow regions, additional points 

were added using the “Line Extrapolation” technique.6 These MASS points files, along 

with the lake boundary file, are used in creating a Triangulated Irregular Network (TIN) 

model of the lake bathymetry using the 3D Analyst Extension of ArcGIS.  The 3D 

Analyst algorithms use Delaunay’s criteria for triangulation to place a triangle between 

three non-uniformly spaced points, including the boundary vertices.7   
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Using Arc/Info software, volumes and areas are calculated from the TIN model for 

the entire reservoir at one-tenth of a foot intervals, from elevation 397.3 feet to elevation 

424.5 feet.  The Navarro Mills Lake Elevation-Capacity Table and Elevation-Area Table, 

updated for 2008, are presented in Appendix A and B, respectively.  The Area-Capacity 

Curves are presented in Appendix C.   

The TIN model was interpolated and averaged using a cell size of 1 foot by 1 foot 

and converted to a raster.  The raster was used to produce an Elevation Relief Map, 

representing the topography of the reservoir bottom (Figure 3), a map showing shaded 

depth ranges for Navarro Mills Lake (Figure 4), and a 2-foot contour map (Figure 5, 

attached).   

 
Self-Similar Interpolation 
 

A limitation of the Delaunay method for triangulation when creating TIN models 

results in artificially-curved contour lines extending into the reservoir where the reservoir 

walls are steep and the reservoir is relatively narrow.  These curved contours are likely a 

poor representation of the true reservoir bathymetry in these areas.  Also, if the surveyed 

cross sections are not perpendicular to the centerline of the submerged river channel (the 

location of which is often unknown until after the survey), then the TIN model is not 

likely to well-represent the true channel bathymetry. 

To ameliorate these problems, a Self-Similar Interpolation routine (developed by 

TWDB) was used to interpolate the bathymetry in between many survey lines. The Self-

Similar Interpolation technique effectively increases the density of points input into the 

TIN model, and directs the TIN interpolation to better represent the reservoir topography.6 

In the case of Navarro Mills Lake, the application of Self-Similar Interpolation helped 

represent the lake morphology near the banks and improved the representation of the 

submerged river channel (Figure 6). In areas where obvious geomorphic features indicate 
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Figure 3
Navarro Mills Lake

Elevation Relief Map
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Figure 4
Navarro Mills Lake

Depth Ranges Map
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a high-probability of cross-section shape changes (e.g. incoming tributaries, significant 

widening/narrowing of channel, etc.), the assumptions used in applying the Self-Similar 

Interpolation technique are not likely to be valid. Self-Similar Interpolation was not used 

in areas of Navarro Mills Lake where a high probability of change between cross-sections 

exists.6 Figure 6 illustrates typical results of the application of the Self-Similar 

Interpolation routine in Navarro Mills Lake, and the bathymetry shown in Figure 6C was 

used in computing reservoir capacity and area tables (Appendix A, B).  

 
Figure 6 - Application of the Self-Similar Interpolation technique to Navarro Mills Lake 
sounding data – A) bathymetric contours without interpolated points, B) Sounding points 
(black) and interpolated points (red) with reservoir boundary shown at elevation 424.5 
(black), C) bathymetric contours with the interpolated points. Note: In 6A the submerged 
river channel indicated by the surveyed cross sections is not represented for the areas in-
between the cross sections.  This is an artifact of the TIN generation routine.  Inclusion of 
the interpolated points (6C) corrects this and smoothes the bathymetric contours.  
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Survey Results 
 

Volumetric Survey 
 

The results of the TWDB 2008 Volumetric Survey indicate Navarro Mills 

Lake has a total reservoir capacity of 49,827 acre-feet and encompasses 4,736 acres 

at conservation pool elevation (424.5 feet above mean sea level, NGVD29).  A 1956 

survey conducted by the U.S. Army Corps of Engineers estimated the capacity of Navarro 

Mills Lake at conservation pool elevation to be 63,000 acre-feet encompassing 5,070 

acres.1  Due to differences in the methodologies used in calculating areas and capacities 

from this and previous Navarro Mills Lake surveys, comparison of these values is not 

recommended.  TWDB considers the 2008 survey to be a significant improvement over 

previous methods and recommends that a similar methodology be used to resurvey 

Navarro Mills Lake in approximately 10 years or after a major flood event. 

 

Sedimentation Survey 
 

The 200 kHz, 50 kHz, and 24 kHz frequency data were used to interpret sediment 

distribution and accumulation throughout Navarro Mills Lake. Figure 7 shows the 

thickness of sediment throughout the reservoir.  To assist in the interpretation of post-

impoundment sediment accumulation, ancillary data was collected in the form of three 

core samples.  One core was collected on October 7, 2008, while the other two cores were 

collected on October 14, 2008.  All cores were collected with a custom-coring boat and 

SDI VibraCore system. 

The results of the TWDB 2008 Sedimentation Survey indicate Navarro Mills 

Lake has accumulated 5,695 acre-feet of sediment since impoundment in 1963.  

Based on this measured sediment volume and assuming a constant sediment accumulation 

rate, Navarro Mills Lake loses approximately 124 acre-feet of capacity per year.  The 

thickest sediment deposits are located within the main body of the lake and along the 

original stream channel. The maximum sediment thickness observed in Navarro Mills 

Lake was 6.3 feet.  A complete description of the sediment measurement methodology 

and sample results is presented in Appendix D.  
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Figure 7
Navarro Mills Lake
Sediment Thickness Map
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TWDB Contact Information 
 

 More information about the Hydrographic Survey Program can be found at:  

 

http://www.twdb.state.tx.us/assistance/lakesurveys/volumetricindex.asp 

 

Any questions regarding the TWDB Hydrographic Survey Program may be addressed to: 

 

Barney Austin, Ph.D., P.E. 
Director of the Surface Water Resources Division 
Phone: (512) 463-8856 
Email: Barney.Austin@twdb.state.tx.us 
 
Or 
 
Jason Kemp 
Team Leader, TWDB Hydrographic Survey Program 
Phone: (512) 463-2465 
Email: Jason.Kemp@twdb.state.tx.us 
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